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ELECTRON SWITCHING DEVICE -

Edmmid S. Rittner, "Whife Plains, Frank E. Grace, Brook- .

lyn, Samuel Fine, New York, and Geogrge A. Beutel,

 vided Wifh radial | sﬁokes."'fl&r:z'-disp'o'sed" in intermeshing :

. relationship with respect to spokes 164 and 17a. Coated

 Pearl River, N. Y., assignors, by mesne assighments,

. to North American Philips Company, Inc., New York,

- N. Y., a corporation of Delaware L
Original application April 20, 1950, Serial No. 156,972,

now Patent No. 2,588,292, dated March 4, 1952, Di-
vided and this application ¥ebruary 7, 1_95_2, Serial No.

274,482

The pr'e_sent_ -Inventi

Is caused to impinge on a target of photoconducting semi-

conductive material whose internal impedance varies as

a function of the stream intensity and velocity, and to

- improved circuit arrangements incorporating such devices.
~ In the copending application of E. S. Rittner, filed Sep- -
tember 22, 1948 and given Serial No. 17,636, now Patent
No. 2,540,490, there is -disclosed electron devices - in
which an electron beam is directed onto a photoconduc-

- tive samiconductive'elementfpreferably constituted either

by ‘silicon, germanium, thallous sulfide, or lead sulfide,
these substances each exhibiting a resistivity which de-

~ pends on the beam intensity and velocity. The principal

avject of the present Invention is to provide improved
- structural arrangements for such devices, as well as new
and useful switching circuits embodying said improved -

devices. | o o

- For a complete understanding of the present invention
reference is made to the following detailed ‘description
- thereof to be read in conjunction with the accompanying
drawing wherein: " - S |

Fig. 1is a schematic diagram of an electron switching

tube circuit in accordance with the invention and in which

the photoconductigg :semic:onductive target is illustrated in :

- section. | T
Fig. 2 is a separate plan view of the target structure.

‘Fig. 3 is a schematic circuit diagram of an amplifier

- Incorporating an electron device which is energized direct--
1y from an altemaﬁng—current;sourc_e_+_- S

On pertains to improvements in
electron devices of the type wherein a stream of electrons
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on the surface of said base in the interstices of spokes

164, 17a and 18z is a2 wafer-shaped layer 19 of semi-

conductive material preferably constituted either by
germanium, thallous sulfide, silicon or lead ‘sulfide.

- The semiconductive path lying between the spokes on
arcuate electrode 17 and hub electrode 18 acts as one
arm, and the path lying between the spokes on arcuate

electrode 16 and hub electrode 18 acts as a second arm

in a Wheatstone bridge circuit whose remaining arms are
formed by the external resistors 20 and 21, the laiter re-

- sistor being variable to effect balancing.
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Fig. 4 is a schematic circuit diagram of a diﬁeréntialt |

- amplifier employing a pair of amplifiers of the type dis-

. closed in Fig. 3.
 electron device in accordance with the invention. s
~ Fig. 6is a plan view of the electrode structure shown in

- Fig. 7 is a schematic diagram of a switching system
employing a tube of the type disclosed in Figs. 5 and 6,

' and

~ ture for a tube of the type disclosed in Fig. 5. .

- Referring now to Figure 1, there Is shown a voltage-
- responsive switching system including an electron device
- 18 in accordance with the invention provided with a

- cathode-ray gun structure 11 possessing an intensity-con~

- trol electrode 12, the cathode-ray beam projected by said -

- gun impinging on a target structure or switching device
13 and being deflectable by a pair of electrostatic deflect-
- ing plates 14.  As shown in Figs. 1 and" 2, the target
- structure or switching device 13 is formed by a disc-shaped o

base member 15 of dielectric material along whose circular -

. ‘edge is mounted a pair of arcuately shaped electrodes or
~.contacts 16 and 17 each having a plurality of conduc-
 tive spokes 16a and 174 attached thereto. A hub electrode.

Fig. 8 is a perspective view of a modified targé;'t__ Struc- :

- by adjusting resistor 28 to obtain a desired beam infen-
sity. -Itis also to be noted that a modulating signal may be
applied to grid 12 whereby the tube acts to amplify the -
y its switching action directs it mmto
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~.or contact 18 is affixed centrally to said b_aSé.'"égn'd_"fpi'o?'ﬂ :

output terminals 23.

target 13 is a source of ‘accelerating voltage 25.
control voltage for activating the: switching system is
applied to the input terminals 26 connected to deflecting =
28 plates 14. A bias voltage from a source 27 is applied

- to intensity control electrode 12 through Variable re-

- signal and then b

Connected between hub electrode 18 a’_nd_ the jun"c-:
tion of resistors 20 and 21, which electrode and unc~

tion represent . the output ‘diagonals of the bridge, is

‘an output resistor 22 whose ends are also connected to .
| 5. Connected between arcuate elec~
- trodes 16 and 17 at the input diagonals of the bridge is
- a direct voltage source 24. - Connected between the cath-

cde of the electron gun i1 and ‘the hub electrode of

sistor28. - . - L
‘The behavior of the switching system is a follows: In the.
~ absence of a control voltage across the deflecting plates,

the beam from gun 11 strikes the hub electrode 18, and

- thereby avoids contact with the semiconductive substance’.

~ on the target. - Assuming an initial condition of bridge
‘balance, and with zero voltage on the deflecting plates,

no voltage is developed across ouiput resistor 22 of the

- The introduction of a voitage across detlecting

- plate 14 deflects the beam from ‘hub electrode onto the

bridge.

semiconductive layer 19 in a direction depending on the

polarity of the contro! voltage. Thus depending on the

direction of deflection, either the resistivity of the semi-

conductive path interposed between electrodes 16 and 18
~or the path between electrodes 17 and 18 is altered to un-
balance the bridge in one direction or the other. In
consequence, the polarity of voltage established across -
output resistor 22 is contingent on the polarity of the =

control voltage applied to the deflecting plates.

- The output voltage appearing at terminals 23 may be’
‘used to effect a desired switching action in various ways.
- For example it may be impressed on a polarized relay

- to effect a switching action in a sénse depending on the

~ Fig. Sisa perspéc:t'ivelview of the .ﬁlec'tmdés' in :ﬁiﬁo"ther 50

polarity of the control voltage. The extent to which the

- resistivity of a particular semiconductive path is altered,

and hence the sensitivity of the relay, may be controlled

a desired channel, ™

- Referring now to Fig. 3, there is shown a switching
system employing an electron device 29 in which the
60 voltage imposed across the target and the beam accelerat-
ing voltage is derived, without rectification, from an alter--
‘nating-current source. - Electron device 29 includes an B
_indirectly heated cathode 30, a control grid 31 and a
o farget electrode 32 formed by a semiconductive substance
65 of the type hereinabove described interposed between two
- end termipals. =~ o
© A transformer is provided having a primary winding
33, connected at terminals 34 to an alternating-current
line, a secondary winding 35 connected through an out-
" put resistor 36 across the end terminals of target 32, and
. a tertiary winding 37 arranged in phase - opposition to.
‘winding 35 and connected between one terminal of target

e R .: 2,803,779
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" be-used fo actuate a relay,

~ lope, whose co1
. values of the applied. input voltage. As 1
" yoltages imposed, across: the targets of the tubes 40 and

. circuits are independent of the

o _section 66. In Fig. 5, only electrode 67

" mnaterial and is provided with a pair of spaced arcuate ter-
 minals or. contacts 72 and 73, the surface be:Weet
‘two terminals being coated. wi th a.semiconductive photo- -

32 and cathode 30. A grid leak resistor 38 is connected -

nals 39 being connected across resistor 38, and a pair

of output terminals 42 being connected across resistor 36.

 In operation, a pulsating direct-current component will
appear across resistor. 36 whose a plitude will depend. on
" the magnitude of the control voltage impressed on the

- grid 31. The voltage established across resistor 36 may
B . and due to the increased am-.
- plification afforded by the electron device, the system is.

~ responsive to input control signals. of smail amplitude.
- Thus a highly sensitive control device 1s provided entail-
- ing a minimum number of components.” -~

. Referring now tc Fig. 4, there is disclosed:a differential
. amplifier employing a pair of electron devices of the type
 disclosed in Fig. 3, p-réferably‘enclosed
mbined ‘output depends -on the relative
As in Fig. 3, the

41 and the beam- accelerating voltages are derived with-

o - -out rectification through a transformer whose primary
.42 is connected to an alternating current source.

" between grid 31 and cathode 30, a pair of input termi-
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high-voltage source.

age being applied at this. point.

connected to cathode 61 through a grid resistance 78 and - o

'@ bias battery 80, grid. 65 being_;'éc#nne-gted,tO-catht;afde;-_Gil

in a single enve-

20

~The

transformer. is provided with a centertapped. secondary:

a o = =

41 respectively, and whose centertap. is connected to the
interconnectéd  cathodes of said tubes. Auxiliary sec-
- ondary windings 46 and 47 are provided, one end of each

spective target. |

S - The input 'V_oltag_eé- A:,-Ian-'d B ';a_‘ré,- applied at -'termiha}s;; .
48 and 49 which are connected respectively across orid

~ resistors 50 and 51 connected between the grid and cath- '
The voltage developed across.
primary 52 of an output
resistor 45
of the

odes of tubes 40 and 41.
~ resistor 44 is applied to one
~ transformer, and the voltage developed across

is applied to an opposingly wound primary 53

- - .

44 and 45 to one terminal of the targets of tubes 40 and

 auxiliary secondary being connected to & respective end of
said secondary 43, the other end of each auxiliary sec-
ondary being connected to the other terminal of a. re-

transformer. In consequence the average voltage devel-

sultant of the primary voltages. In operation, since the

“accelerating voltages applied to the targets. of tubes 40.

and 41 are 180 degrees out of phase, the tubes operate-

_alternately, the voltages developed. across resistors 44.and.

45 depending on the relative amplitudes of the input volt:

~ control systems disclosed in Figs. 1, 3 and 4, the input
output circvit and no.in-

- teraction therebetween can, OcCur. -

a cathode 64, a grid 65 and an anode 66. Connected:
" directly to-the anode 63 are a pair of blade-like control
67 and 68, clectrode 67 being associated “with.

- electrodes

- Hlarly, cOn’necfed dir-’edtly to anode 66 is a, pair of blade-
" like control electrodes 69 and

associated with target section

on a common support therewith. - ..

r - Ty

" ' Y ' R

~ conductive substance of the. type described for layer 19,

) LI .

of Fig. 1.. The anode 63 is connected to.ong terminal

+ L [}

 oped in the secondary 54 represents the differential re-

-7 Another embodiment of an electron:device 1n shown.in.
" Figs. 5, 6 and 7, the device comprising in a single enve-

- . lope, a pair of high-mu triodes 35 and 56 and a cone-.
- shaped target constituted by four electrically separated: - .
* sections.57, 58, 59 and 60. Triode 55 is constituted by. .«

~ cathode 61, a grid 62 and an anode 63, and triode 56 by

 target section 57 and electrode 68 with section 58. Sim-

72 -and 73, the surface between the

" winding 43 whose ends are ‘connected through resistors:

25

 tional tuning indicator tube.

a shield. When however,

through a grid resistance 79 and the same bias battery. -
' nsLCe on- 57 separately, in operation, with .
zero control potential on the grid 62 of tube 55, electrons

~ Considering section

from the cathode 71 strike the entire surface of section 57 *

except for a sector in the region of blade electrode 67,

~ which being at a lower potential than the target section

because of the voltage drop across resistance 74 acts as -

| | a megative control potential is

~ applied to grid 62, the anode. current is reduced with a
I'fesultaﬁt-f._'dBQI"E_ESEf in- the voltage" drop ACross I‘f_:_S_iSt-El_ﬂCES RS
74 and 75, thereby reducing the sector-of the target sec-. .
tion 57 which is net irradiated.- ‘This action, it will be
realized, is similar to that which obtains in the conven-
Thus as the shielded sector .

~ on the target 's_ectioxiivaries'With_-t];le control voltage ap-
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plied to grid 62, the internal resistance- of the target sec-
tion is accordingly altered. ‘Blade 68 hasthe same con-
trol influence. on section 58:- The same effect is experi-
énced with respect to the influence of a control voltage
~on grid 65 on the internal resistance of sections 59 and 69.
.- This effect may-be used for example to provide a double

- pole double throw switching action by applying the signal -
to be switched to terminals 81, one of which is ‘connected -
| Cl rminal of both sections 57 and 59, and. -
the other of which is connected to one arcuate terminul
of sections 58 and 60. The other arcuate terminals of

_ sections 57 and 58 are connected- to one pair of -cutput -
‘terminals 83 while the other-arcuate terminals of sections . =~
59 and 69 are. connected to output terminals-85.

to one arcuate ter

By applying a negative control vql'tage-i&_termimléiéif

- connected to grid 62, the signal to be switched is fed 1o

£ - tages Aand B respectively. -,Ifistt}i"béllétéd, that in the

50
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70, electrode 69 being
59, and electrode 70 with
| is shown, the

 others being omitted for purposes of clarity. The target.
© isirradiated by an electron beam emitted from.a cylindri-.

. of target section 57 through a high resistance 74, said: | While ther been shown what at present afe. co.c -
e oal being comnected to the positive pole, of & 70 sidered preferred. embodiments of the invention, it WAL

- 65
- cal cathode 71, triode cathodes 61 and 64 being mounted. -

_ This applicati
- Serial. No. 1

output terminals 83 and by applying '-a';negative___mntrol---__._ o

voltage to terminals 84 connected to grid .65, the signal
to be switched is fed to output terminal 83. ‘While there
has been shown a target arrangement employing foor
~ sections, it is obvious that a greater number may be used
~ in conjunction with blade electrodes coupled-to the anodes
of amplifier tubes to- effect: more- complex switching:

B

minals. not be irradiated then the resistance therebetween

\%{O]_.l’_ldj '_.éff_ECtiv_Qly. - constitute an open circuit. - Similarly -
FU TR TR in the target shown in Fig. 8, the terminals may be ar-
. section of the target is formed of non-conductive - Ianged either longitudinally or circumferentially. itis
NTOVi 1 ' - also to be noted that js_e}f_eral_,?a:_g_cts.--_may be.qo-n_tauled;m ]

a common envelope.

E R [ [N . -, , : '

-

L -
.

‘The anode 63 is also connected to.

" one terminal of target section 58 through a high resistance
75, said one terminal. being connected to the positive pole -

of a high-voltage source. = ~ - .

Ancde 66 is connected to one terminal of target sec-

~ tion 60 through a high resistance 76, a high positive volt- -

P The anode 66 is also =~
connected to one terminal of target section 59-through a .~

~ high resistance 77, said one terminal being connected to

the positive pole of a high-voltage source.

~ By using: a conically-shaped target t 1e formation of a
. sensitive layer on the inner surface thereof is greatly facili- |
" fated. This is accomplished by inverting the conc and
applying the material by vacuum- gvaporation.. Prefer- =
ably the cathode is protected by a small cap (not shown) -
attached to the end of the support. The conical target - -
_ structure shown in Fig. 5 may be replaced by one of
" tubular shape and having four: sections 92, $3, 94, and
95, as illustrated in Fig. 8 or by other shapes if desired. "
While the terminals 72 and 73 in Fig, 5 are shown in cir-
cumferential positions, it is to be understood that radially -
disposed terminals may alternatively be employed, im-
‘which case should the sensitive area.intermediate the ter-

on is a division of a copending application” -

 Serial No. 156972, filed April 20, 1950, now Patent No.
While there have been shown what at present are.con- .




~fying systems each including a 11 rid _
anode, the anode in one amplifying system ‘being con-
' other system

5

 be evident that many changes and modifications may be
- made therein without departing from the essence of the. _-
invention, and it is intended in the anexed claims to cover
as fall . within the

~all such changes and modifications
- Scope and true spirit of the invention. = .

~ Whatisclaimedis:

‘a cathode, a target electrode surrounding said cathode
and formed by a plurality of discrete sections each includ-

ing a pair of spaced terminals and an active'dem_ent con- -
- nected therebetween constituted by a. photoconductive

semiconductor, and a like plurality of deflecting blades

each interposed |

cathode. L | | N
2. In an electron device, a switching system comprising

‘a cathode, a conical target electrode surrounding said

. cathode and formed by a plurality of discrete sections
of spaced terminals and an active
- element connected therebetween constituted by ger-

each including a pair

* manium, and a like plurality of deflecting blades each

interposed between a respective section and said cathode.
3. In an electron device, a switching system comprising
~a cathode, a cylindrical target electrode surrounding said
~. cathode and formed by a plurality of discrete sections each
-~ including a pair of spaced terminals and an active element
“connected therebetween constituted by thallous sulfide,
and ‘a like plurality of. deflecting blades each interposed

~~ between.a respective section and -sa1d cathode.

4. In an electron device, a switching system comprising
- a cathode, a target electrode surrounding said cathode

‘between a respective section and said :

2,803,779

- conductive semiconductive

said switching devices comprising a W-af_éréshape&:.phhto-' o
body and contacts connected

to said body, means to apply a potential to said contacts,
- an output . circuit associated with each of said switching "
~ circuits, and means to selectively project an electron beam

‘upon any one of said bodies.

- 6. A combination in accordance with claim 5 wherein

- said body is of germanium material, -

10
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7. Incombination, a plurality of switching circuits, each
of said circuits

to said body, to apply a potential to said contacts,

-an output circuit associated with each of said switching
_circuits, means to project electrons upon said semiconduc-
~ tive bodies,
circuits including means to control the

and means to actuate selectively said switching
_ electron current
incident on the semiconductive bodies, | .

8. A switching device comprising electron-beam pro-

ducing means, at least two target electrode elements posi-
tioned to be impacted by said electron beam, each of said -
target electrodes comprising a pair of spaced terminals

- and a photoconductive semi-conductor connected to said
- terminals, means for applying a potential across the ter-

29

~ means for controlling the electron-beam current incident -

minals of said electrodes, output circuits coupled to said
terminals and thus to each of said target electrodes, and

- on the target electrodes thereby selectively inducing sig-
- nalsin the output circuits, U

30

and formed by four discrete sections each including a pair - -

- Ot spaced terminals and an active element connected there-

 between and constituted by a photoconductive semicon-
- ductor, four deflecting blades each interposed between

respective sections and lsaid-'{:athode, and a pair of ampli-
' cathode, a grid and an
~ nected to two of said blades, the anode in the
- being connected to the remaining two blades.

5. Incombination, a plurality'of-SWitc:hiug circ;uits, each
of said circuits having a switching device therein,-__each_ of

40
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9. A switching device as set forth in claim 8 wherein -

the semi-conductor is selected from the group consisting
 of silicon and germanmium.: - o S

_Referénces Cited in._the"ﬁle'.-jf th_is _patent- | o
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having a switching device therein, each of
| 'sai-dswitching_devices. comprising a wafer-shaped, photo- -
- conductive, semiconductive body and contacts connected
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